Effects of Shelterbelt on Soil Temperature, Soil Moisture and Vegetable Yield in a Semi-desert Environment Along the River Nile State, Sudan by Kamal, Hana
Effects of Shelterbelt on Soil Temperature, Soil Moisture and Vegetable 
Yield in a Semi-desert Environment Along the River Nile State, Sudan 
 
Hana Kamal Osman, Rihab Hassan Mahjoub and Salaeldin Goda Hussein 
Desertification and Desert Cultivation Studies Institute,  
University of Khartoum, Shambat, Sudan 
 
ABSTRACT 
 
Two studies were carried out in two sites: The first one dealt with common 
vegetable crops grown behind a one - raw shelterbelt in Shendi University experimental 
farm for three consecutive seasons. The yields of the test crops were significantly higher 
behind the shelterbelt row than the unsheltered plots viz:  33.9% for egg plant, 32.7% for 
kidney bean, 21.8% for potato, 29.4% for snake melon and 5.4% for sweet pepper. This 
indicates the importance of using shelter belts in desert cultivation. The second study was 
done in three shelterbelts: Wad Kilian, Altragma Algaba and Abdotab. In each locality, 
the average shelterbelt heights were measured to fix the distance between the belt and 
sampling points viz: ×5 shelter belt height ,10 × shelter belt height, 15× shelter belt 
height, 20× shelter belt height and 30× shelter belt height. Distances in front of the belt 
were 2.5 × height, 5  × height, and 10 × height. In addition, one soil sample was taken 
from inside the belt. Soil temperature was taken from inside the belt. Soil temperature 
was measured in situ with a thermometer. Soil samples were taken at 50 cm depth in 
polyethylene bags to measure soil moisture content in the laboratory. Sand dune 
accumulation was reduced in the vicinity of the belts. It is recommended that shelter belts 
and wind breaks be established in arid and semi-arid zones to protect against land 
degradation and desertification.  
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INTRODUCTION 
 
         Shelterbelts consist of a number of rows of trees planted across the prevailing wind 
direction to reduce wind velocity within farm lands and around buildings (Caborn, 1965). 
Shelter belts have beneficial effects on crop yields; it reduces wind velocity, increases 
relative humidity and suppresses evaporation from open surfaces. Other, benefits include: 
improved soil organic matter, recycling plant nutrients, improved rain infiltration and 
provision of wild life habitats.  Usually wind speed drops to 30 - 40% in the protected 
field and the evaporation power reduced to 10-15%. Shelterbelts have been adopted all 
over the world as a means of improving the microclimate and countering wind erosion. 
Shelterbelts are used to combat desertification in arid and semi arid regions. When wind 
strikes a shelterbelt perpendicularly, its velocity is modified on both sides of the belt. In a 
permeable shelterbelt, part of the wind penetrates through the belt while the other part is 
deflected over the belt. As the flow has been divided, there is a zone of reduced wind, the 
extent of which depends on the structure and the height of the belt.  When the shelter is 
impermeable to wind, all the flow is deflected upward, over the belt, leaving a reduced 
wind zone downwards.  
 The efficiency of shelterbelts depends on its height, density (permeability), 
width, length, type of trees and on the direction and strength of winds (Bayoumi, 1993). 
The age of the trees have an important bearing on the extent and degree of protection but 
height is the most important factor determining the extent of protection (Al-Matawa, 
1985). The greater the height the greater the protected distance and it is measured in 
multiples of the height (H) of the shelterbelt.   When the wind direction is at right angles 
to the long axis of a tree barrier, wind speed to lee ward side is significantly reduced for 
distance up to 30 times the height (H) of the windbreak i.e. 30 H (Read, 1964 and Abido, 
1991). 
  Density or permeability of the shelterbelt is the total area of gaps in the fence area 
of shelterbelt through which passes the air. The decrease in wind speed just behind the 
impermeable windbreak is bigger by 10-20% than in the case of permeable barrier 
(Abido, 1991).The most effective width for shelterbelt is when its width is equal to its 
height (Al Mutawa, 1985). The decrease of wind speed is greater when the Windbreaks 
are perpendicular to the direction of the prevailing winds (Abido, 1991). 
         In arid regions, windbreaks save the moisture (from rainfall or irrigation) in the soil. 
Al-Mutawa (1985) reported that protected soil may have up to 7% more moisture than 
unprotected ones. Other indirect benefit from reduction of wind speed is reduced 
evaporation. There is an agreement among research workers on the positive role of 
shelterbelt in increasing crop yields (Bhimaya, 1976). Mahjoub (2004) reported that the 
yield of horticultural crops increased in the site fenced with Acacia mellifera by 33.9% 
for eggplant, 32.7% for kidney bean, 29.8% for potato, 29.4% for snake cucumber and 
15.4% for sweet pepper in the research farm of Shandi University, River Nile State.               
 Shelterbelt is extremely useful in improving the microclimate, thus increasing 
productivity of agricultural land especially in arid and semi-arid regions. Shelterbelts 
provide protection against loss of arable land by sand encroachment. Shelterbelts also 
furnish shelter and food for wildlife and domestic animals, and provide fuel wood and 
building poles and timber products. However, shelterbelt may have some advantage such 
as; harbor insects, possible interference with large machinery, irrigation equipment and 
waste of water by transpiration. The aim of this paper is to examine the effect of 
shelterbelt on soil moisture and temperature. 
  
MATERIALS AND METHODS 
 
  The study was carried out in mesquite shelterbelts in the River Nile state in three sites  
viz: 
 
    1 - Wad Kilian shelterbelt: Along the Eastern bank of the River Nile, consisting of 4 
rows of mesquite (Prosopis chilensis) at a spacing of 2*2 m. It was established in 1990 
by SOS Sahel International. 
 
   2 -Al Tragma Al Gaba shelterbelt: Along the Eastern bank of the River Nile, at a 
spacing of 2*2 m. It was established in 1989 by SOS Sahel International. 
 
   3 -Al Abdotab shelterbelt: Along the Western bank of the River Nile, consisting of six 
rows of mesquite at a spacing of 2*2 m. It was established in 1988 by SOS Sahel 
International. 
       Average tree heights were computed for the three shelter belts, however only the date 
of the Al Abdotab shelterbelt was shown. The soil moisture was determined for 10 soil 
samples taken at 50 cm depth; similarly for soil temperature. Laboratory analysis of soil 
moisture was done at Shandi University.  
  
RESULTS 
 
Al Abdotab shelterbelt: 
             In the windward side soil moisture percentage increased towards the belt and 
decreased away from the belt. In the leeward side the shelterbelt extends more relative to 
the shelterbelt (Table 1). The soil temperature increased away from the belt and 
decreased towards the belt (Table 2). Similar results were obtained in  Wad Kilian and Al 
Tragma Al Gaba shelterbelts.  The average tree height at all site is 6 m. 
  
Local Community Perception: 
         Villagers appreciated the benefits of shelterbelts particularly protecting their 
dwelling from creeping sands and sheltering their animals. 
 
CONCLUSIONS AND RECOMMEDATIONS 
         
 The study has indicated the following: 
             A- Soil temperature is reduced behind shelterbelts in comparison with                  
unprotected ground.                                                
             B- Soil moisture percentage is increased behind the shelterbelts                   
relative unprotected bare land.  
          
It is recommended that shelterbelts should be established all over the Nile State 
using the appropriate tree species to protect against sand dunes and desertification.       
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Table1: Shelterbelt effect on soil moisture percentage at Al Abdotab: 
Distance from the belt (m) Soil moisture (%) 
Wind ward   10 H       (60m) 0.01 
Wind ward   5 H         (30m) 0.01 
Wind ward   2.5 H      (15m) 0.02 
Mid. Belt  0.26 
Leeward     5H       (30m) 0.24 
Leeward    10H      (60m) 0.14 
Leeward    15H      (90m) 0.08 
Leeward    20H      (120m) 0.04 
Leeward    25H      (150m) 0.03 
Leeward    30H      (180m) 0.01 
The average height (H) =6 m. 
 
 
 
 
 
 
 
Table 2: Shelterbelt effect on soil temperature at Al Abdotab: 
Distance from the belt(m) Soil temperature(c) 
Wind ward   10H       (60m) 37.9° 
Wind ward   5H       (30m) 37.0° 
Wind ward   2.5H      (15m) 35.8° 
Mid. Belt  34.8° 
Leeward     5H       (30m) 35.2° 
Leeward    10H      (60m) 35.6° 
Leeward    15H      (90m) 35.9° 
Leeward    20H      (120m) 36.0° 
Leeward    25H      (150m) 36.5° 
Leeward    30H      (180m) 38.0° 
 
